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19 Abstract

20

21 The concept of plant-based diets has become popular due to the purported benefits for both 

22 human health and environmental impact. Although “plant-based” is sometimes used to 

23 indicate omnivorous diets with a relatively small component of animal foods, here we take it 

24 to mean either vegetarian (plant-based plus dairy products and/or eggs) or vegan (100% 

25 plant-based). Important characteristics of plant-based diets which would be expected to be 

26 beneficial for long-term health are low intakes of saturated fat and high intakes of dietary 

27 fibre, whereas potentially deleterious characteristics are the risk of low intakes of some 

28 micronutrients such as vitamin B12, vitamin D, calcium and iodine, particularly in vegans. 

29 Vegetarians and vegans typically have lower body mass index, serum low-density lipoprotein 

30 (LDL) cholesterol and blood pressure than comparable regular meat-eaters, as well as lower 

31 bone mineral density. Vegetarians in the EPIC-Oxford study have a relatively low risk of 

32 ischaemic heart disease, diabetes, diverticular disease, kidney stones, cataracts and possibly 

33 some cancers, but a relatively high risk of stroke (principally haemorrhagic stroke) and bone 

34 fractures, in comparison with meat-eaters. Vegans in EPIC-Oxford have a lower risk of 

35 diabetes, diverticular disease and cataracts and a higher risk of fractures, but for other 

36 conditions there are insufficient data to draw conclusions. Overall, the health of people 

37 following plant-based diets appears to be generally good, with advantages but also some 

38 risks, and the extent to which the risks may be mitigated by optimal food choices, 

39 fortification and supplementation is not yet known.

40

41
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42 The term “plant-based diets” has been used for more than 20 years, with discussion of 

43 potential benefits and risks(1). There is no universally agreed definition of the term, and 

44 although some have used it to refer to omnivorous diets with a low content of animal source 

45 foods (e.g. meat and fish), the threshold for this has not been agreed and here we take the 

46 pragmatic approach of using it to refer to vegetarian (lacto-ovo-vegetarian: plant-based 

47 except for dairy products and or eggs) and vegan diets (100% plant-based). 

48 Evidence on the health-status of vegetarians and vegans comes from a substantial number of 

49 relatively small cross-sectional studies which compare their dietary intakes, nutritional status 

50 and physiological characteristics with those of meat-eaters, together with a small number of 

51 prospective cohort studies which follow the health of these groups over many years. This 

52 review is based largely on results from EPIC-Oxford (the European Prospective Investigation 

53 into Cancer and Nutrition Oxford cohort), with some results from the earlier Oxford 

54 Vegetarian Study and from the UK Biobank (2-4). EPIC-Oxford is a cohort of 65,000 men and 

55 women living throughout the UK and was established in the 1990s with recruitment targeted 

56 to identify as many vegetarians as possible, and 50% of the participants do not eat meat; 

57 some analyses of EPIC-Oxford, on cancer and mortality, also include data from the Oxford 

58 Vegetarian Study which used similar methods of recruitment and follow-up for 11,000 people 

59 recruited in the early 1980s. UK Biobank is a cohort of 500,000 men and women in the UK 

60 established between 2006 and 2010; recruitment was not targeted at vegetarians, but due to 

61 the large size of the cohort it includes several thousand vegetarians and several hundred 

62 vegans. In this review we describe the relationships of plant-based diets with nutritional 

63 intakes, physiological and biochemical characteristics, and long-term health. 

64

65 Food intakes

66 Vegetarian and vegan diets are defined by the foods that are excluded, but examination of the 

67 composition of such diets shows typical patterns by which they differ from omnivorous diets. 

68 In EPIC-Oxford, vegetarians and vegans have much higher intakes than regular meat-eaters 

69 of soya, legumes, nuts and other moderately high-protein plant foods, substantially higher 

70 intakes of relatively unprocessed cereals, and modestly higher intakes of fruit and 

71 vegetables(5); this pattern is consistent with the expectation that the energy and other nutrients 

72 supplied in omnivorous diets by meat, fish and dairy products will be largely replaced by the 

73 types of plant foods which contain substantial amounts of energy and protein, rather than by 
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74 plant foods such as fruit and vegetables which are generally low in energy and protein. A 

75 similar pattern was seen in UK Biobank(6).

76

77 Nutrients

78 As a consequence of the foods consumed, vegetarian and vegan diets typically have a 

79 different pattern of nutrient intake from omnivorous diets, with relatively high intakes of 

80 carbohydrates, n-6 fatty acids, dietary fibre, carotenoids, folate, vitamin C, vitamin E and 

81 magnesium, and relatively low intakes of protein, saturated fat, long-chain n-3 fatty acids, 

82 retinol, vitamin B12 and zinc; vegans may have particularly low intakes of vitamin B12, 

83 calcium and iodine, and plant-based diets are generally devoid of haem iron. For most of 

84 these nutrients the relevance of these differences in terms of long-term health is not yet clear; 

85 here we focus mainly on intakes of protein, saturated fat, dietary fibre, vitamin B12 and 

86 calcium. 

87 Dietary intakes in EPIC-Oxford have been assessed at baseline and, in approximately half the 

88 cohort, at re-survey about 14 years later(2,7). At re-survey, mean protein intakes as percent 

89 energy were 17.2%, 15.5%, 14.0% and 13.1% in meat-eaters, fish-eaters, vegetarians and 

90 vegans, respectively; the proportions of participants estimated to have inadequate protein 

91 intakes were less than 5% in meat-eaters and fish-eaters, but were 9.8% and 6.0% 

92 respectively in male and female vegetarians, and 16.5% and 8.1% respectively in male and 

93 female vegans.  These findings should be interpreted cautiously, for example because the 

94 dietary questionnaires may not have included some protein rich foods consumed by 

95 vegetarians and vegans (e.g. vegan cheese), but they raise the possibility that protein intake 

96 might be inadequate in some of the vegetarians and vegans in this population. Plasma 

97 concentrations of amino acids have been measured in a subsample of male participants: 

98 circulating non-fasting concentrations of the essential amino acids lysine, methionine, 

99 leucine, valine and tryptophan were 6% to 13% lower in vegans (but not in vegetarians) than 

100 in meat-eaters(8). 

101

102 Saturated fat intake is typically lower in vegetarians, and especially in vegans, than in meat-

103 eaters. This is to be expected because meat is a major source of saturated fat; for example, in 

104 the UK’s National Diet and Nutrition Survey for years 2014-2016, meat and meat products 
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105 provided 24% of saturated fat intake in men and women aged 19-64(9). In EPIC-Oxford, 

106 saturated fat intakes at follow-up as percent energy were 10.4%, 9.4%, 9.5% and 6.9% in 

107 meat-eaters, fish-eaters, vegetarians and vegans, respectively(7). It is likely that the reason 

108 saturated fat intake in vegetarians in EPIC-Oxford is only modestly lower (~9%) than in 

109 meat-eaters is because the vegetarians eat around 50% more cheese than meat-eaters, partly 

110 as a substitute for meat(5).

111

112 Unrefined plant foods are rich in dietary fibre(10). In EPIC-Oxford, fibre intakes at follow-up 

113 were 21.7 g/d, 24.9 g/d, 25.6 g/d and 28.9 g/d of non-starch polysaccharides in meat-eaters, 

114 fish-eaters, vegetarian and vegans, respectively(7); these intakes would probably be ~30% 

115 higher if expressed as g/d of AOAC fibre(10).

116

117 Plants cannot synthesize vitamin B12 and generally contain none (there may be some 

118 exceptions such as duckweed due to the presence of bacteria inside the plant tissue(11)), 

119 therefore vegans would be expected to have zero intake unless they consume foods fortified 

120 with vitamin B12 and/or vitamin B12 supplements. Vegetarians obtain vitamin B12 from 

121 dairy products and/or eggs, but on average their intakes are lower than those of meat-eaters. It 

122 is difficult to obtain accurate estimates of intakes of vitamin B12 in vegetarians and vegans 

123 because of the need for detailed information on use of fortified foods and supplements, but 

124 blood measurements can provide information on status. In a sub-sample of male participants 

125 in EPIC-Oxford, mean serum vitamin B12 concentrations were 281 pmol/l, 182 pmol/l and 

126 122 pmol/l in meat-eaters, vegetarians and vegans, respectively, and 52% of vegans, 7% of 

127 vegetarians and <1% of meat-eaters had concentrations below 118 pmol/l indicating 

128 deficiency(12).

129

130 Calcium intakes typically differ little between meat-eaters, fish-eaters and vegetarians, but 

131 are substantially lower in vegans; in the UK, milk and milk products supply 34% of dietary 

132 calcium in men and women aged 19-64(9). In EPIC-Oxford average intakes at follow-up in 

133 the four dietary groups were 1083 mg/d, 1131 mg/d, 1117 mg/d and 848 mg/d, respectively; 

134 intakes in vegans at recruitment were substantially lower, 582 mg/d and 610 mg/d in women 

135 and men respectively, and the higher intakes in vegans at follow-up may be explained by 
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136 more questions on the questionnaire, and greater availability in shops, for plant-based dairy 

137 replacements with calcium fortification. 

138

139 For several other micronutrients, nutritional status is best assessed by measuring 

140 concentrations in the blood. Such analyses have shown that vegetarians and particularly 

141 vegans in EPIC-Oxford have lower plasma concentrations than meat-eaters of 

142 eicosapentaenoic acid, docosahexaenoic acid and vitamin D(13,14). Haematological measures 

143 have not been made in EPIC-Oxford, but analyses of data for white British premenopausal 

144 women in UK Biobank have shown that haemoglobin concentrations were lower in 

145 vegetarians than in regular meat eaters, with 12.7% of vegetarians compared to 8.7% of 

146 regular meat-eaters categorised as anaemic; data were available for only 76 vegans, among 

147 whom 6 (7.9%) were anaemic(15). 

148

149 Anthropometry and physiology

150

151 At recruitment, the mean body mass indices (BMIs) of both male and female vegetarians and 

152 vegans in EPIC-Oxford were approximately 1 kg/m2 and 2 kg/m2 lower than those of meat-

153 eaters, respectively(2). During the first 5 years of follow up meat-eaters gained approximately 

154 400 g per year; weight gain was similar in vegetarians, whereas weight gain in vegans was 

155 significantly less at approximately 300 g per year(16). The lower BMI of vegetarians, and 

156 especially vegans, compared to that of meat-eaters in this population would be expected to 

157 lead to a lower risk of several diseases linked to obesity, but also a higher risk of any 

158 disorders linked to underweight. 

159

160 Plasma concentrations of non-high density lipoprotein (HDL) cholesterol by diet group were 

161 measured in a large sample of men and women in EPIC-Oxford(17); non-HDL cholesterol was 

162 measured as a surrogate for low density lipoprotein (LDL) cholesterol and in the remainder of 

163 this paper, for convenience, we refer to the differences noted in non-HDL cholesterol as 

164 differences in LDL cholesterol. In men, mean LDL cholesterol was 0.85 mmol/l lower in 

165 vegans than meat-eaters, a difference reduced to 0.68 mmol/l lower after adjusting for BMI; 
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166 the differences in women were 0.49 mmol/l and 0.40 mmol/l, respectively, and mean 

167 concentrations in vegetarians were intermediate. Blood pressure was also found to be lower 

168 in vegans than meat-eaters, partly due to lower BMI; differences in mean systolic blood 

169 pressure between vegans and meat-eaters before and after adjusting for BMI were 4.2 mmHg 

170 and 2.6 mmHg respectively in men and 2.4 mmHg and 1.8 mmHg respectively in women, 

171 whereas the differences in blood pressure between vegetarians and meat-eaters were very 

172 small(18).

173

174 Bone density has not been assessed in EPIC-Oxford, but heel bone mineral density has been 

175 measured in almost all participants in UK Biobank. In white British women, the heel BMD t-

176 scores were -0.54, -0.62 and -0.80 in regular meat-eaters, vegetarians and vegans 

177 respectively; these measures were -0.55, -0.61 and -0.77 respectively after adjusting for body 

178 weight(19). The lower BMD t-scores in vegans after allowance for body weight may be related 

179 to their lower intakes of micronutrients such as calcium and vitamin D, but other factors 

180 might be involved perhaps including the differences in protein intake.

181

182 Major diseases: cardiovascular disease and diabetes

183 Figure 1 summarizes findings on the associations of vegetarian diets with long-term health in 

184 EPIC-Oxford; the results plotted are those for which there was evidence for a difference in 

185 risk between meat-eaters and vegetarians (either in the BMI adjusted or unadjusted model for 

186 outcomes where we showed both models). Figure 2 shows the equivalent results for which 

187 there was evidence for a difference in risk between meat-eaters and vegans. Slight differences 

188 in the categorisation of the comparison group in some analyses are given in footnotes to 

189 Figures 1 and 2. 

190

191 Compared to meat-eaters, the vegetarians in EPIC-Oxford had a 23% lower risk of ischaemic 

192 heart disease after 18 years of follow-up(20). For vegans the risk estimate was 18% lower than 

193 that in meat-eaters, but due to the relatively small numbers of vegans in the cohort the 

194 confidence intervals of this estimate were wide and the difference was not statistically 

195 significant(20). The risk of ischaemic heart disease in vegetarians and vegans combined was 

196 22% lower than that in meat-eaters, and this was reduced to a 17% lower risk after adjusting 
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197 for BMI; data on lipids and blood pressure were not available for the whole cohort, but it is 

198 likely that the lower LDL cholesterol and slightly lower systolic blood pressure of the 

199 vegetarians and vegans could explain the remainder of their lower risk. 

200

201 In contrast to the lower risk of ischaemic heart disease, the risk of stroke was 17% higher in 

202 vegetarians than in meat eaters, largely driven by a higher risk of haemorrhagic stroke, which 

203 was 48% higher; the risk for total stroke was not attenuated by adjustment for BMI. The point 

204 estimate for haemorrhagic stroke in vegans compared to meat-eaters was 1.35, but this was 

205 not statistically significant. The cause of the higher risk of haemorrhagic stroke in vegetarians 

206 is not known, but it might be explained by the low LDL cholesterol which has been 

207 associated with an increased risk in observational studies, Mendelian randomization analyses 

208 and in lipid lowering trials using statins(21,22); it might also be related to other factors such as 

209 high homocysteine due to low vitamin B12, or possibly related to the low intake of animal 

210 protein, but further research is needed to examine these hypotheses. 

211

212 The risk of diabetes in vegetarians in EPIC-Oxford was 35% lower than that in meat-

213 eaters(23); this was attenuated to 11% lower and non-significant after adjusting for BMI at 

214 recruitment. The risk of diabetes in vegans was 47% lower than in meat-eaters, and this was 

215 attenuated to 1% and non-significant after adjusting for BMI (there were only 26 cases 

216 among vegans)(23). The interpretation of these findings is that vegetarians and vegans in this 

217 population have a substantially lower risk of diabetes than meat-eaters, which appears to be 

218 largely or entirely due to their lower BMI.

219

220 Cancer

221 The risk for any type of cancer (all cancers combined) was 10% lower in vegetarians than in 

222 meat-eaters in EPIC-Oxford (Figure 1), and 18% lower in vegans (Figure 2)(24). For specific 

223 cancer sites, the only differences in risk were for stomach cancer and haematological cancers, 

224 which were 62% and 36% lower respectively in vegetarians, and cancer of the cervix which 

225 was 90% higher in vegetarians, all with rather wide confidence intervals due to the relatively 

226 small numbers of cancers at individual sites. The risk for colorectal cancer did not differ 

227 between vegetarians and meat-eaters. The reasons for the observed differences are not well 
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228 understood although there is some limited other evidence suggesting that processed meat may 

229 increase the risk for stomach cancer(25). The higher risk of cancer of the cervix in vegetarians 

230 was unexpected and of borderline statistical significance; it is unlikely to be due to 

231 differences in screening, because reported attendance for cervical cancer screening does not 

232 differ between vegetarians and meat-eaters in the same cohort(26). 

233 The lower risk for all cancers combined in both vegetarians and vegans than in meat-eaters in 

234 EPIC-Oxford is interesting but needs to be interpreted very carefully because few 

235 associations with individual cancer sites have been identified and several common cancers, 

236 such as lung cancer, are very strongly associated with smoking and therefore, although the 

237 results are adjusted for smoking status, there could well be residual confounding by this or by 

238 other non-dietary factors. Much more research is needed to clarify whether vegetarian diets 

239 may affect the risk for a range of cancers; vegan diets are of particular interest because they 

240 are associated with lower circulating concentrations of the growth factor IGF-I, high levels of 

241 which probably increases the risks for colorectal, breast and prostate cancer, and also because 

242 characteristics such as the amino acid profile of vegan diets may have other metabolic effects 

243 which could perhaps reduce cancer risk(27).

244

245

246 Fractures

247

248 In EPIC-Oxford, the risk for a bone fracture at all sites combined was 11% higher in 

249 vegetarians than meat-eaters, which was reduced to 9% higher after adjustment for BMI 

250 because the vegetarians have a lower BMI and BMI is itself inversely associated with fracture 

251 risk at certain sites, particular at the hip(28). Larger differences were seen for hip fracture, for 

252 which vegetarians had a 34% higher risk, reduced to 25% higher after adjustment for BMI. In 

253 vegans, the risks for all fractures, before and after adjustment for BMI, were 50% and 43% 

254 higher respectively, while the risks for hip fracture were 164% and 131% higher, 

255 respectively. There was evidence of an interaction with BMI, since in vegans the risk for hip 

256 fracture was 3.17 (95% confidence interval (CI) 2.13-4.71) among people with a BMI of less 

257 than 22.5 kg/m2 but 0.94 (0.38-2.29) among people with a BMI of 22.5 kg/m2 and above (p 

258 for heterogeneity=0.041), although this was based on small numbers in the subgroups.
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259

260 The reasons for the moderately higher fracture risk in vegetarians, and substantially higher 

261 risk in vegans, are not clear. For vegetarians, calcium intakes are adequate and similar to 

262 those in meat-eaters, so other explanations are needed. Vegans in EPIC-Oxford have 

263 relatively low intakes of calcium and low circulating vitamin D, but adjustment for dietary 

264 calcium had only a moderate attenuating impact on the raised risk, and in an earlier analysis 

265 in this cohort we saw no relationship of circulating vitamin D with fracture risk(29). As noted 

266 above, the elevated risk of hip fractures was largely confined to people with a low BMI at 

267 recruitment (<22.5 kgm-2), and it is possible that greater weight loss into older age may 

268 contribute to the higher risk in vegans; there are also other possibilities such as the lower 

269 IGF-I we have observed in vegans(30-32), and the importance of nutrients such as calcium and 

270 protein may be underestimated in our analyses due to measurement error, a particular 

271 problem for calcium in vegans among whom a substantial amount may come from variably 

272 fortified foods.  

273

274

275 Other disorders

276

277 In EPIC-Oxford the linkage to hospital episode statistics data has enabled us to examine the 

278 risk of a range of other disorders in relation to diet group. The risk of diverticular disease was 

279 observed to be 27% lower in vegetarians and 72% lower in vegans than in meat-eaters, 

280 although the number of cases in vegans was only 4(33); the lower risk in vegetarians and 

281 vegans (combined) was attenuated but remained statistically significant after adjusting for 

282 dietary fibre, suggesting that some of the lower risk is explained by fibre but that other 

283 factors such as meat itself may also contribute.  The risk of gallstones did not differ between 

284 vegetarians and non-vegetarians(34), but obesity causes a large increase in the risk for this 

285 condition and, after adjustment for BMI, vegetarians were observed to have a relatively high 

286 risk compared to meat-eaters (22% higher risk), suggesting that some characteristic of the 

287 vegetarian diet may have an adverse impact; there was evidence that high starch intake was 

288 associated with a higher risk, but this did not appear to explain the relatively higher risk of 

289 vegetarians after adjusting for BMI. The risk of kidney stones was 31% lower in vegetarians 
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290 than in high meat-eaters, and the risk of cataracts was lower in both vegetarians and vegans 

291 than in high meat-eaters, but the reasons for these apparent differences are not known(35,36).

292

293

294 All-cause mortality

295 In comparison with regular meat-eaters, all-cause mortality did not differ in vegetarians 

296 (hazard ratio 1.00 (95% CI 0.93-1.08) or in vegans (hazard ratio 1.14 (0.97-1.35)(37). 

297 Although diet is one determinant of long-term health, there are many other factors including 

298 smoking status, alcohol intake, and socio-economic factors, so all-cause mortality has to be 

299 interpreted carefully because non-dietary differences between groups, although adjusted for 

300 as far as possible, may still influence the results through residual confounding. Based on the 

301 available data, however, it appears that overall mortality from all causes combined is broadly 

302 similar in vegetarians and vegans compared to that in meat-eaters. 

303

304 Strengths, weaknesses and interpretation of the findings

305

306 The strengths of EPIC-Oxford are its moderately large size, extensive exposure data with 

307 biological samples for about 30% of participants, and nearly complete follow-up for almost 

308 two decades through National Health Service datasets on cancer, hospital episodes and 

309 mortality. The main weaknesses are that, while the number of vegetarians is large enough to 

310 study the more common endpoints (~20,000 vegetarians), the number of vegans in the study 

311 is too small (~2,500 vegans) to give accurate relative risk estimates, and that as with other 

312 epidemiological studies the measurements of dietary and other factors are subject to error.

313 Interpretation of the results requires care. As with all observational epidemiological studies, 

314 the classification of people by diet group is imperfect, and the estimates of relative risks are 

315 subject to potential confounding by other factors such as smoking status, alcohol intake and 

316 socio-economic factors; all the results reported are adjusted for these factors as far as 

317 possible, but this adjustment is never perfect due to errors in assessment of exposure to these 

318 factors, therefore the results can be affected by residual confounding if an exposure such as 

319 smoking is strongly related to the disease of interest. Another potential problem in most 
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320 nutritional epidemiological studies is reverse causation, where people may change their diet 

321 because of early effects of a yet undiagnosed condition on their health or appetite; it is not 

322 clear if this is an important problem in the results reported, but most of the vegetarians and 

323 vegans had followed their diet for several years at the time of recruitment and therefore their 

324 choice of diet is unlikely to be due to diseases which were on average diagnosed many years 

325 later.

326

327 Another important factor to consider when interpreting the findings is the role of BMI. 

328 Vegetarians and vegans in EPIC-Oxford have a lower mean BMI than meat-eaters, and high 

329 BMI is a well-established risk factor for a number of diseases, therefore it would be expected 

330 that this difference would cause a moderately lower risk of these conditions in those on plant-

331 based diets; by contrast, for some sites of bone fractures and possibly for some other 

332 conditions, risk is higher in people with low BMI. When answering the question “what is the 

333 association of a plant-based diet with long-term health?” we have generally taken the view 

334 that the plant-based diet itself is a major determinant of the lower BMI, and therefore that the 

335 most appropriate relative risks are those which are not adjusted for BMI (this is analogous to 

336 our interpretation of the role of LDL cholesterol, where we do not adjust for this measure 

337 because it is almost certain that the differences in LDL cholesterol between vegetarians, 

338 vegans and meat-eaters are caused by the composition of the diet). However, to fully 

339 understand the relationship of plant-based diets with health it is helpful to also consider the 

340 relative risks after adjustment for BMI, an approach which answers the question “for people 

341 of the same BMI, does health differ between meat-eaters and those on a plant-based diet?”.   

342

343 A further point to consider when interpreting the results is that they are from comparisons 

344 with the non-vegetarians who joined the study and thus are determined by the healthiness of 

345 the comparison group. The participants in EPIC-Oxford were all recruited over the same 

346 period with the same methods, and the non-vegetarians have broadly similar characteristics to 

347 those of the vegetarians, such as similarly low rates of smoking and obesity. Thus the 

348 comparisons can be considered to be quite stringent, and both the vegetarians and the non-

349 vegetarians in the cohort are generally healthier than the average for the UK population; 

350 during the first 9 years of follow-up the standardized mortality ratios of vegetarians and non-

351 vegetarians were only ~40% of the average for the UK(38).
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352

353 Conclusions and future research

354

355 The plant-based diets of people in EPIC-Oxford who are vegetarians or vegans differ from 

356 those of meat-eaters, but for most nutrients the intakes of both groups are nutritionally 

357 adequate and meet or are close to meeting other government guidelines for good health, and 

358 many of the differences are quite small. Perhaps the most important potentially beneficial 

359 difference is the lower intake of saturated fat of those following plant-based diets and 

360 consequently their lower plasma LDL cholesterol, which probably largely explains their 

361 lower risk of ischaemic heart disease. The higher intake of dietary fibre may also contribute 

362 to the lower risk of some disorders, particularly diverticular disease and possibly other 

363 disorders of the gastro-intestinal tract.  

364 Potentially deleterious differences noted in people following plant-based diets are the lower 

365 average intakes and plasma concentrations of vitamin B12, vitamin D and calcium (in 

366 vegans). Vitamin B12 is of particular concern, since half the vegans studied had circulating 

367 concentrations indicating deficiency and this would be expected to have adverse effects on 

368 long-term health; for example, one possible explanation of the higher risk of stroke in 

369 vegetarians and vegans (combined) is that it is due to low vitamin B12 leading to raised 

370 homocysteine and increased stroke risk, and more research is needed to investigate this 

371 relationship. Although not discussed in detail here, vegans also typically have low plasma 

372 concentrations of long-chain n-3 fatty acids, and low intakes of iodine unless they consume 

373 seaweed, fortified food, iodised salt or supplements. For all these nutrients more research is 

374 needed to determine whether there are adverse effects on health endpoints and importantly 

375 whether any risks can be prevented by adequate food fortification and/or supplementation, for 

376 example for vitamin B12. Furthermore, the availability of plant-based foods, particularly 

377 substitutes for meat and fish, is expanding and their characteristics are evolving, therefore 

378 new studies are needed to examine the impacts of these changes; these should include 

379 examination of temporal changes in the consumption of these products, and ascertaining 

380 whether the dietary characteristics of people who have recently adopted a plant-based diet 

381 differ from those of people such as those in EPIC-Oxford who have followed such diets for a 

382 much longer period. Much more research is required, and it would be ideal to recruit a large 
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383 new cohort including tens of thousands of vegans, with the best available methods to measure 

384 diet, to eventually provide reliable evidence on their long-term health.

385
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513 Figure legends

514

515 Fig. 1. Risk of various conditions in vegetarians compared with meat eaters in the 

516 EPIC-Oxford study

517 * Includes data from EPIC-Oxford and the Oxford Vegetarian Study combined. †Adjusted 

518 for body mass index (BMI). ‡Vegetarians and vegans combined. The hazard ratios and 95% 

519 confidence intervals (CIs) presented are in reference to the following groups: regular meat 

520 eaters who consume 50+ grams of meat per day (diabetes); high meat eaters who consumed 

521 100+ grams of meat per day (kidney stones and cataracts); meat eaters (ischaemic heart 

522 disease, total and haemorrhagic stroke, all cancers and subtypes, all fractures and hip 

523 fractures, diverticular disease); non-vegetarians who eat meat or fish (gallstones).

524

525

526

527 Fig. 2. Risk of various conditions in vegans compared with meat eaters in the EPIC-

528 Oxford study

529 * Includes data from EPIC-Oxford and the Oxford Vegetarian Study combined. †Adjusted 

530 for body mass index (BMI). The hazard ratios and 95% confidence intervals (CIs) presented 

531 are in reference to the following groups: regular meat eaters who consume 50+ grams of meat 

532 per day (diabetes); high meat eaters who consumed 100+ grams of meat per day (cataracts); 

533 meat eaters (all cancers, all fractures and hip fractures, diverticular disease).

534

535
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